Background: Studies investigating the effectiveness of delirium e-learning tools in clinical practice are scarce. The aim of this study is to determine the effect of a delirium e-learning tool on healthcare workers' delirium recognition, delirium knowledge and care strain in delirium. Methods: A pilot pre-posttest study in a convenience sample of 59 healthcare workers recruited from medical, surgical, geronto-psychiatric and rehabilitation units of a university hospital. The intervention consisted of a live information session on how to use the e-learning tool and, a 2-month self-active learning program. The tool included 11 e-modules integrating knowledge and skill development in prevention, detection and management of delirium. Case vignettes, the Delirium Knowledge Questionnaire, and the Strain of Care for Delirium Index were used to measure delirium recognition, delirium knowledge and experienced care strain in delirium respectively. Subgroup analyses were performed for healthcare workers completing 0 to 6 versus 7 to 11 modules. Results: The delirium recognition score improved significantly (mean 3.1 ± SD 0.9 versus 2.7 ± 1.1; P = 0.04), and more healthcare workers identified hypoactive (P = 0.04) and hyperactive (P = 0.007) delirium in the posttest compared to the pretest phase. A significant difference in the change of recognition levels over time between the 0 to 6 and 7 to 11 module groups was demonstrated (P = 0.03), with an improved recognition level in the posttest phase within the 7 to 11 module group (P = 0.007). After adjustment for potential confounders, this difference in the change over time was not significant (P = 0.07) and no change in recognition levels within the 7 to 11 module group was noted (P = 0.19). The knowledge score significantly improved in the posttest compared to the pretest phase (mean 31.7 ± SD2.6 versus 28.3 ± 4.5; P < 0.001), with a significant increased level within the 7 to 11 module group (unadjusted P < 0.001/adjusted P = 0.02). Overall, no difference between posttest and pretest phases was documented for care strain (P = 0.46).
Background
Delirium is a common disorder in older hospitalized patients, characterized by an acute and fluctuating disturbance in attention and awareness; and a disturbance in cognition or perception [1, 2] . Although delirium is potentially preventable and treatable, healthcare workers often lack the necessary knowledge, attitudes or skills to address risk factors systematically and detect or manage delirium cases effectively [3] [4] [5] [6] , which might adversely affect patient outcomes and increase clinicians' workload [2, 7] .
Educational strategies including reinforcing (i.e., use of reminders and feedback from experts) and enabling (i.e., use of guidelines, pocket cards or protocols) approaches have shown to be effective in improving delirium care, with benefits on the incidence, duration and severity of delirium, functional status and length of stay as well as on healthcare workers' knowledge, skills and workload [8] [9] [10] . However, implementing and maintaining adherence to these multifactorial educational initiatives is time consuming and labour intensive, and thus these initiatives are difficult to implement outside the research setting [11, 12] . Furthermore, given the variety of healthcare workers involved in the care for delirious patients, broader approaches to education targeting the mixed learning needs of the whole multidisciplinary team are needed [11] .
E-learning has been described as a novel approach that facilitates delivery of education for large groups of people as well as providing a more flexible and cost-effective method of training [11, 13, 14] . It can be defined as "learning facilitated and supported through the use of information and communication technology that can cover a spectrum of activities from the use of technology to support learning as part of a 'blended' approach, to learning that is delivered entirely online. Whatever the technology, learning is the vital element" [15] .
A systematic review showed that e-learning improves knowledge, skills and behaviours of healthcare workers across different healthcare domains [16] . Despite its relevance, studies investigating the effectiveness of delirium e-learning tools in clinical practice are scarce. To our knowledge, only two studies have evaluated the use of delirium e-learning on nursing outcomes and revealed positive effects on delirium recognition and knowledge [17, 18] . However, some critical information was lacking regarding the instrument used to measure delirium knowledge [17] , the specific content of the intervention [18] , or compliance with using the e-learning tool [17, 18] . Moreover, those studies did not focus on other nursing outcomes (e.g., attitudes, documentation of delirium in nursing records, levels of strain when caring for patients with delirium). A descriptive study highlighted an association between delirium training and lower levels of strain of care [19] , yet no study investigated whether healthcare workers' level of burden when caring for delirious patients might be sensitive to delirium e-learning education also.
The aim of this intervention study was to determine the effect of a delirium e-learning tool on healthcare workers' knowledge about delirium, their ability to recognize delirium and subjective strain experienced when caring for patients with delirium.
Methods

Design, setting and population
A pilot pre-test/post-test study was conducted in a convenience voluntary sample of healthcare workers (except for 2 physiotherapists and 2 occupational therapists being staff members of the participating units, all of them were nurses) recruited from 20 adult inpatient units of a university hospital. The units (e.g., medical, surgical, gerontopsychiatric and rehabilitation units) were selected based on their head nurses' willingness to participate. All healthcare workers working on the participating units were eligible for inclusion.
Intervention
The intervention included the use of an on-line selfdirected delirium educational tool for healthcare workers, which integrates knowledge and skill development in delirium prevention, detection and management. This e-learning tool was developed by the research team and is freely accessible in Dutch language at www.deliriummodule.be. More details about the development and feasibility testing have been reported previously [11, 20] .
The e-learning tool is organized in 11 modules, and provides a wide range of information about delirium specifics (occurrence rates, clinical presentation, types, risk factors, experiences of patients), delirium prevention and treatment strategies, and information about the use of screening instruments for delirium detection (Table 1) . It takes between 5 and 15 min to complete one module. The estimated time to complete the entire tool is 2 to 2.5 h. To achieve a deeper understanding of delirium with integration of acquired items into practice, theory is combined with videos (e.g., examples of hypoactive and hyperactive delirium performed by actors, the use of screening instruments), case studies and tests for selfassessment composed of multiple answers (2 of more possibilities but only one answer is correct) with feedback.
The intervention started with a one-hour live information session to deliver participants a personal log-in code and to provide them with oral and written information about using the e-learning tool. Subsequently, the tool was available for 2 months during which participants were asked to access the delirium course at least once. Because the tool was based on self-active learning, participants could start, finish and re-start at any time. After 1 month, all participants received an e-mail reminder to encourage completion of the educational tool.
Variables and measurements
Data were collected at 2 time points during the study between December 2010 and May 2011, immediately before the educational intervention and after the 2-month learning period. Baseline and follow-up data were measured using four questionnaires, including a questionnaire for demographic information and three questionnaires to assess (1) delirium recognition as primary outcome, and (2) knowledge about delirium and (3) experienced strain in caring for patients with delirium as secondary outcomes.
Demographic and professional data
The following data were collected: age, gender, number of years of work experience, employment status, dayor night work, level of education and education in delirium attended during the last 5 years before the start of the study. 
Delirium recognition
The ability to identify delirium was measured with standardized 'cases vignettes' [21] . These validated vignettes contain five different cases about hospitalized patients with dementia, hypoactive delirium, hyperactive delirium, hypoactive delirium superimposed on dementia (DSD) or hyperactive DSD. Four of them were used in the pretest phase (i.e., dementia, hypoactive delirium, hyperactive delirium and hyperactive DSD). In the posttest phase, the hyperactive DSD case was replaced by the case with the hypoactive DSD patient. For each case, of which all had one single correct answer, the patient's mental status had to be scored as having dementia, delirium, delirium superimposed on dementia, normal ageing, depression or none of the options. Total delirium recognition (DR) score is the sum of the correct answers, and ranges from 0 to 4.
Knowledge about delirium
A 35-item true-false Delirium Knowledge Questionnaire (DKQ), which includes 23 of the 28 items from the 'knowledge' questionnaire of Hare et al. [22] , was developed by the research team to assess knowledge about delirium classified into three relevant domains: 1) knowledge related to the presentation, symptoms and outcomes of delirium (n = 10 items), 2) its causes and risk factors (n = 11 items), and 3) delirium prevention and management strategies (n = 14 items) ( Table 2) . Total DKQ score is the sum of the correct answers and ranges between 0 and 35. Because no existing questionnaire measures all of these knowledge domains, the DKQ was developed. It was based on the questionnaire of Hare et al. [22] , which focuses on two knowledge domains: 1) delirium presentation, symptoms and outcomes, and 2) risk factors and causes. Questionnaire development comprised different steps. First, items were reproduced (items 1-10, 12-14, 16, 19-22) , modified (items 11, 15, 17, 18, 23), or generated to measure all relevant aspects of knowledge about 1) delirium presentation, symptoms and outcomes, 2) its risk factors and causes, and 3) its prevention and management strategies. Second, the content of the newly developed Delirium Knowledge Questionnaire was evaluated by an independent multidisciplinary panel of experts (e.g., one geriatrician, one psychologist, three researchers with nursing background and two nurses), and face validity was tested in 4 nurses.
Strain in caring for delirious patients
Subjective strain in caring for delirious patients was measured with the Strain of Care for Delirium Index (SCDI) [23] . This scale contains 20 characteristics of delirious behavior, presented within four subscales: hypoactive behavior (n = 3 items), hypoalert behavior (n = 4 items), fluctuating course and psychoneurotic behavior (n = 5 items), and hyperactive/hyperalert behavior (n = 8 items). The items are scored on a four-point Likert scale ranging from 'quite easy to cope with' (score 1) to 'quite difficult to cope with' (score 4). Total scores range between 20 and 80, with higher scores indicating greater difficulty in coping with delirious behaviors.
Completion of e-learning tool and time to complete
The number of modules completed by each healthcare worker was registered, and ranges from 0 to 11. Furthermore, healthcare workers were asked to give times to complete the e-learning tool.
Ethics
The study was approved by the Medical Ethics Committee of the Leuven University Hospitals.
Analysis
Only healthcare workers who did not complete the posttest questionnaires were excluded. Descriptive analysis were performed to examine demographic and professional data, and to summarize the results of the 'Case Vignettes' , the Delirium Knowledge Questionnaire (DKQ) and the Strain of Care for Delirium Index (SCDI). Categorical data were expressed as absolute numbers and percentages; continuous data as means and standard deviations. Data from the 'Case Vignettes' and DKQ were not only analyzed at participant level (e.g., total delirium recognition (DR) score and total DKQ score, respectively), but also at case/item level. At this level, answers were classified as 'correct' or 'incorrect' (e.g., each case/item had a single correct answer) and proportions of correct cases/items were calculated. First, differences in scores between the pre-test and post-test phase were analyzed for participants who completed at least one e-learning module. McNemar's tests were used to test differences in proportions of correct answers on the four 'Case Vignettes' separately. Differences in total DR scores, total DKQ scores, total SCDI scores and SCDI subscale scores were evaluated using paired t-tests for normally distributed data and the Wilcoxon Signed Rank test for non-normally distributed data. Effect sizes were calculated using Cohen's d and expressed as small (0.2-0.5), moderate (0.5-0.8), or large (>0.8) differences [24] .
Second, all participants who completed pre-and posttest questionnaires were included in the analysis. They were further categorized into two a prior subgroups: low/moderate completion subgroup (0-6 modules); good/excellent completion subgroup (7-11 modules). To examine changes in outcome variables (e.g., level of recognition, level of knowledge, level of strain of care) between these subgroups over posttest phase) and their interaction as explanatory variables. To correct for confounding factors, two potential confounders were included in the analysis: number of years of work experience, and employment status. Because of the high correlation between 'number of years of work experience' and 'age' (r = 0.93), the variable age was not included in the model. The association between the number of completed elearning modules and the change scores (e.g., change in post -pretest scores) of the total DR scores, total DKQ scores and total SCDI scores were calculated with the Pearson's r or Spearman's rho correlation coefficient depending on the distribution of the data.
Data were analyzed using SPSS version 16 (SPSS, Inc., Chicago, IL) and SAS version 9.2 (SAS Institute Inc., Cary, NC). Statistical significance was set at P < 0 .05 and all tests were two-sided.
Results
Sample
Seventy-two healthcare workers agreed to participate, of whom 13 were excluded because they only completed the pretest. Characteristics of the 59 included healthcare workers are shown in Table 3 . No differences were observed between excluded and participating healthcare workers.
Completion of the e-learning tool
The low/moderate completion (L/MC, for definition see analysis section) subgroup included 19 (32.2 %) participants, of whom 2 did not start the e-learning tool. The good/excellent completion (G/EC) subgroup included 40 (67.8 %) participants. Almost half of the healthcare workers (n = 26; 44.1 %) finalized all the modules. For those who started using the e-learning tool, the mean number of completed modules per participant was 8.2 (SD 3.2). The mean time to complete the modules for those in the low/moderate completion subgroup was 31.8 min (SD 60.8) and 115.6 min (SD 54.6) for those in the good/excellent completion subgroup, respectively. There were no statistically significant differences in demographic data between the two completing groups, except for age, employment status and number of years of work experience ( Table 3) .
Effect of the e-learning tool on outcomes Delirium recognition (DR)
More healthcare workers in the posttest phase were able to correctly identify hypoactive (64.9 % versus Chi-square test (vs.) 45.6 %; P = 0.04) and hyperactive (93.0 % vs. 71.9 %; P = 0.007) delirium compared to the pretest phase, respectively. The mean total DR score also significantly improved (3.1 ± 0.9 vs 2.7 ± 1.1; P = 0.04, Cohen's d = 0.38) ( Table 4 ).
The unadjusted linear mixed model noted a statistically significant difference in the change of mean total DR scores over time between the L/MC subgroup and the G/EC subgroup (P = 0.03), with a difference estimate (DE) of 0.81 (95 % CI 0.05-1.57). The difference in the change of mean total DR scores over time between the two subgroups was no longer significant in the adjusted linear mixed model (DE: 0.76; 95 % CI −0.06-1.6; P = 0.07). The unadjusted model showed a significant increase of the mean total DR score in the posttest within the G/EC subgroup compared to the pretest phase (DE: 0.6; 95 % CI 0.17-1.03; P = 0.007). After controlling for potential confounders, no change in the mean total DR scores within this subgroup was noted (adjusted DE: 0.49; 95 % CI −0.26-1.24; P = 0.19). Both in the unadjusted and adjusted models, the other group comparison of changes over time were not statistically significant.
A weak, but significant correlation between the number of completed e-learning modules and the change scores of the total DR scores was found (r P = 0.3; P = 0.02).
Knowledge about delirium
The proportion of correct answers on all the DKQ items was higher in the posttest phase compared to the pretest phase, except for 7 items (items 15, 18, 20, 23, 24, 29, 34) (Table 2 ). Moreover, in 16 items, the difference in proportion of correct answers was minimum 10 % in favor of the posttest phase. Only item 18 was answered more correctly in the pretest. The mean total DKQ score of healthcare workers in the posttest phase was statistically significant improved compared to the pretest phase (31.7 ± 2.6 vs. 28.3 ± 4.5; P < 0.001, Cohen's d = 0.76).
Both the unadjusted and adjusted linear mixed models showed no statistically significant difference in change of mean total DKQ scores over time between the L/MC subgroup and the G/EC subgroup (unadjusted DE: 1. There was a weak, albeit significant correlation between the number of completed e-learning modules and the change scores of the total DKQ scores (rho = 0.3; P = 0.04).
Strain in caring for delirious patients
There were no significant differences between the posttest and pretest phase in mean total SCDI scores (P = 0.46) and its 4 mean subscale scores (Table 4) .
Also unadjusted and adjusted linear mixed model analysis revealed no statistically significant difference in change of mean total SCDI scores over time between the L/MC subgroup and the G/EC subgroup (unadjusted DE: −0.07; 95 % CI −3.33 -3.18; P = 0.96 vs adjusted DE: 0.43; 95 % CI −3.05 -3.91; P = 0.81). There was no significant difference in the mean total SCDI score in the posttest compared to the pretest phase within the L/MC subgroup (unadjusted DE: 0.47; P = 0.7 vs adjusted DE: −0.61; P = 0.72) and within the G/EC subgroup (unadjusted DE: 0.4; P = 0.67 vs adjusted DE: −0.18; P = 0.91).
No correlations between the number of completed e-learning modules and neither the total nor subscale SCDI change scores were detected (data not shown/ available upon request from the authors).
Discussion
This is the first study investigating the effect of a delirium e-learning tool consisting of 11 modules on healthcare workers' delirium recognition, knowledge and level of delirium strain, taking into account the amount of completed modules. Consistent with previous research [16] [17] [18] 25] , our findings support that e-learning might be an effective tool for improving healthcare workers' knowledge and recognition of delirium. Moreover, the difference in total delirium knowledge scores before and after using the e-learning tool was found to be moderate and although the difference in total delirium detection levels was rather small, the e-learning tool led to a 20 % to 21 % higher proportion of correctly identified hypoactive and hyperactive delirium cases, respectively. Because of the well-known under recognition of delirium in clinical practice [4, 5] , those differences were not only statistically significant but also highly clinically relevant.
Although our study findings are in line with previous results indicating positive effects of e-learning on nurses' delirium recognition [18] and knowledge [17, 18] , comparability of the studies is limited because of different study designs, analysis and measurement instruments. Our study expands the existing knowledge on delirium e-learning [17, 18] , as it evaluated the effect of e-learning on healthcare workers' delirium strain, and investigated its effect on their recognition and knowledge about delirium by taking into account the amount of completed modules. Moreover, our findings suggest that the effect of the e-learning tool on delirium recognition and knowledge is causally related to its level of completion, highlighting the importance of motivating healthcare workers to complete the full e-learning tool. This was demonstrated by a significant association between the number of completed modules and the level of DR change scores, as well as by a significant difference in the change of DR levels over time between healthcare workers who completed 0 to 6 modules and those who completed 7 to 11 modules, in which the improvement was only statistically significant within the latter group. After controlling for potential confounding factors, the difference in the change of DR levels over time between healthcare workers in the 0-6 module subgroup and those in the 7-11 module subgroup was no longer significant. Yet, there was a trend towards borderline significance. Furthermore, there was a small but significant association between the number of completed modules and the level of DKQ change scores. Althoughindependent of the controlling for potential confoundersthe difference in the change of DKQ levels over time between the two subgroups was not significant, the DKQ scores were significantly improved in the posttest phase compared to the pretest phase in healthcare workers who completed 7-11 modules. On the other hand, our study showed no effect of the e-learning tool on healthcare workers' strain whether or not taking into account the amount of completed modules. However, although previous research in delirium [26] and dementia [27, 28] care provided evidence that knowledge in combination with other factors, such as perceived caring climate of the ward, the possibilities to reflect about practice, staff age, emotional and management support, and communication difficulties with patients, are factors related with experienced care strain, additional studies are needed to investigate the predictors of delirium care strain and its relation to delirium education through e-learning.
Our e-learning tool holds promise in improving delirium detection and knowledge because of its flexibility regarding the time of training, its ability to standardize teaching materials, its potential to implement efficiently to large groups and its relatively low cost (development cost only). For these reasons [11, 14] , e-learning has been suggested as an alternative learning method especially in busy healthcare workers. Nevertheless, a previous feasibility study revealed that the lack of interactivity and the need to have sufficient self-discipline to complete the tool without supervision were barriers to e-learning [20] . Therefore, alternative forms of e-learning should be explored. It might be necessary to use the tool in combination with a delivery schedule over fixed time periods and recurrent feedback sessions organized by a facilitator. Structuring e-learning in such a format has been shown to hold promise in medical education [13] . Furthermore, to reach real changes in delirium care in practice, e-learning needs to be seen as one component within a larger approach of interprofessional blended-learning education extended with enabling and reinforcing strategies including restructuring of practice [29, 30] .
Some methodological limitations need to be considered. First, a pretest/posttest design was used, and further testing using a randomized controlled trial (RCT) design is warranted. However, RCT's are notoriously hard to conduct in education research because education is a social process and heavily influenced by contextual factors which cannot be controlled against. Therefore a large scale clustered RCT with multiple sites would be required and even then may not do the intervention justice. Second, because the study was conducted in a voluntary sample of healthcare workers, this sample might include only the most motivated people which might have induced bias and limits its generalizability. Third, quantitative data indicated the time pressure during working hours as an important reason for not completing all the modules. However, an in-depth qualitative interview might have been given more valuable information to identify why there was such a high attrition rate. Fourth, the level of knowledge of the sample in our hospital was already relatively high, which might affect transferability of the effect to other settings. Nonetheless, a change in delirium recognition and knowledge were observed. Fifth, the knowledge about delirium was assessed with the DKQ, an instrument developed for this study that supports good content and face validity based on expert review and pilot testing. However, additional validity and reliability testing is needed. Sixth, since the effects of the e-learning tool on delirium recognition, knowledge and strain in caring for delirious patients were evaluated once after a 2-month learning period, no statements about the long term effects could be made and as a consequence future studies should also focus on the long term effects.
Despite these caveats, this study has several important strengths, including the use of validated instruments to assess healthcare workers' levels of subjective strain and delirium recognition, the detailed statistical analyses taking account of different parameters, the organization of the self-directed e-learning tool into 11 modules in which theory is combined with videos, case-studies and tests for self-assessment, its development via a robust process and feasibility testing, and the tracking of compliance with the e-learning tool.
Conclusion
In general, the on-line delirium education as delivered by the e-learning tool improved healthcare workers' delirium recognition and knowledge, but had no effect on their level of strain. The effect of this tool on healthcare workers' delirium recognition and knowledge was related to its level of completion. However, this relation was less explicit after controlling for potential confounders warranting further investigation. Nonetheless, the study findings are particularly important as potentially large numbers of healthcare workers can be trained with a relatively inexpensive tool (development cost only). Since studies have shown the impact of educational approaches on the prevention of delirium, an e-learning tool, such as ours, could potentially reduce the incidence of delirium in clinical practice. Larger scale studies are warranted to replicate our promising findings.
